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SUMMARY
This report summarises current information on risks and impacts to agricultural production
and natural resources within the Avon Hotham study area. It then identifies suitable options
to manage such risks.
The Avon Hotham study area is 1.9 million hectares and is made up of three sub
catchments: West Avon, South Avon and Hotham.
The climate is Mediterranean with cool wet winters and hot dry summers. The study area
mostly lies between the 600 and 400 mm rainfall isohyets.
Surface drainage in the eastern and south eastern areas of the study area is poorly defined.
The western areas lie in the Zone of Rejuvenated Drainage and East Darling Range, with
more defined waterways.
The soil super groups were categorised according to five soil landscape environments;
hydro-aeolian soils; valley soils; rocky soils; laterite soils; and, gentle slopes. The major soil
super groups are ironstone gravely soils, (25 per cent), mostly on crests and upper slope
positions and deep sandy duplexes, (19 per cent), on colluvial slopes, around granite
outcrops and sometimes in valley floors.
The major land degradation hazards are subsurface compaction and acidification. The study
area has 47, 000 hectares of saline land (2.5 per cent of the study area), based on Land
Monitor data.
The major farming systems are annual crop and pasture rotations. The farming systems in
the west of the Hotham sub catchment are dominated by livestock and fodder production.
The northern part of the West Avon sub catchment includes horticulture crops and intensive
livestock industries. The total agricultural Gross Value of Production (GVP) 2000/01 was
$354 million (ABS 2001).
The study area has approximately 457 000 ha (24 per cent) of remnant vegetation remaining.
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1. INTRODUCTION
Sally Phelan
Soil degradation on farmland reduces agricultural production and damages infrastructure and
natural resources such as remnant vegetation, waterways and wetlands.
Rapid Catchment Appraisal (RCA) aims to assess the condition of, and future risks to
agricultural and natural resources. Information is provided on reducing those risks by the way
of providing suitable management options to manage the risk within the Avon Hotham study
area.
The study area consists of 3 sub catchments; West Avon, South Avon and Hotham. Land
managers are urged to use this report as a starting point and to gather further information
and support from the sources listed.
This report has been prepared by the Department of Agriculture officers based in the Central
Agricultural Region, with assistance from officers of the Department of Environment and
Department of Conservation and Land Management. The Central Agricultural Region RCA
team consisted of:
Paul Galloway

(Soil Research Officer, Narrogin)

Shahzad Ghauri

(Groundwater Hydrologist, Northam)

Harry Lauk

(Land Conservation Officer, Northam)

Susie Murphy White

(Development Officer, Farming Systems, Merredin)

Sally Phelan

(Development Officer, Saltland Pastures, Lake Grace)

Claire Robertson

(Soil Research Officer, Narrogin)

Shahram Sharafi

(Hydrologist, Merredin)

Josh Smith

(GIS Officer, Northam)

Ian Wardell-Johnson

(Land Conservation Officer, Narrogin)

Brett Beecham

(Dept of Conservation and Land Management, Narrogin)

Brendan Oversby

(Dept of Environment, Northam)

The report has been divided into three sections; the natural resource base, catchment risks,
and management options and impacts. Due to the large size and variable nature of the
study area, some issues will be dealt with as a whole, and others will be focused on in more
detail. When reading the report it is important to refer between the section chapters in order
to gain an understanding of how different risks and management options affect the
agricultural resource base.
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2. NATURAL RESOURCE BASE
2.1 Study area
Sally Phelan and Susie Murphy White
The study area is 1,904,100 hectares and is made up of three sub catchments (Figure 2.1).
The West Avon and South Avon respectively are the upper and lower catchments of the
main Avon River and its tributaries. The Avon River becomes the Swan River and ultimately
drains to the Indian Ocean. The Hotham catchment drains west into the Murray River, which
flows into the Peel-Harvey estuary and then the Indian Ocean.

Figure 2.1.

Location of the Avon Hotham Study area and delineations of major sub catchments.

The study area covers all of the shires of Cuballing, Pingelly and Toodyay, most of the shires
of Beverley, Brookton, Northam, Williams and York, and part of the shires of Boddington,
Chittering, Corrigin, Cunderdin, Gingin, Goomalling, Kulin, Mundaring Narrogin, Quairading,
Swan, Victoria Plains, Wandering and Wickepin.
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Figure 2.2.

Avon Hotham Catchment map.
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Table 2.1.

Shire area within the study area
Shire

Total area of Shire (ha)

Extent of Shire in
study area (ha)

Proportion of Shire in
study area (%)

Beverley (S)

236,758

168,398

71

Boddington (S)

191,805

83,054

43

Brookton (S)

160,004

148,737

93

Chittering (S)

121,753

81,220

67

Corrigin (S)

268,007

76,607

29

Cuballing (S)

119,441

119,356

100

Cunderdin (S)

186,090

30,454

16

Gingin (S)

320,744

27,062

8

Goomalling (S)

183,378

8,471

5

Kulin (S)

470,982

21,537

5

64,293

16,321

25

161,652

41,803

26

Mundaring (S)
Narrogin (S)
Narrogin (T)

1,313

87

7

Northam (S)

140,340

108,919

78

Northam (T)

2,593

2,593

100

Pingelly (S)

129,296

129,298

100

Quairading (S)

201,497

28,272

14

Swan (S)

104,226

44,255

42

Toodyay (S)

169,164

169,159

100

Victoria Plains (S)

254,861

37,984

15

Wandering (S)

190,329

132,973

70

Wickepin (S)

203,862

115,276

57

Williams (S)

230,254

151,891

66

213,082

160,362

75

4,325,722

1,904,087

York (S)
Totals

2.1.1 Infrastructure
The study area includes the regional centres of Northam with a population of 6,445 and
Narrogin with a population of 4,671 (ABS statistics June 2003). Shires with greater than
3,000 and less than 4,500 people include Toodyay, Northam, York and Chittering. Shires
with greater than 1,000 and less than 3,000 people include Beverley, Boddington, Pingelly
and Brookton.
The rail network includes 503 km of narrow and standard gauge railway line. The road
transport network includes local gravel roads, sealed bituminised main roads and sections of
highways including Great Eastern and Great Southern highways.
The potential impact of rising watertables to town centres has been assessed in Wandering,
Pingelly, Bakers Hill, York and Bullaring as part of the Department of Agricultures Rural
Towns Program.

2.1.2 Climate
Most of the study area lies between the 800 and 300 mm rainfall isohyets. Rainfall is less
than 400 mm in the north east and south east of the study area, including the towns of
Aldersyde and Yealering. Lower rainfall in recent years has seen falls well below the 30 year
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average. The most recent severe dry period was 2002, where rainfall was down to 50 per
cent below average.
On average 80 per cent of the rainfall is received during the growing season (May to
October) resulting in a moisture deficit during the summer months (Figure 2.3). Summer
thunderstorms can occur sporadically, these intense rainfall events cause major runoff,
erosion and recharge events. The highest evaporation was 330 mm in Bolgart for January.
High evaporation rates over the summer autumn period affect farm water supplies.
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Figure 2.3.

Monthly rainfall and evaporation for 2003. Note: These towns represent 3 transects running
west to east: Wannamal to Bolgart; Chidlow to Grass Valley; and Boddington to Cuballing
to Wickepin.
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2.2

Hydrogeology

2.2.1 Geology
Paul Galloway and Shahram Sharafi
The study area has a complex physiography, the result of the combined influence of
geological, tectonic, geomorphological and biological evolution.
The geology of the study area has been mapped by the Geological Survey of Western
Australia and described in the accompanying memoirs (Chin 1986a and 1986b; Wilde and
Low 1978; Wilde and Low 1980; Wilde and Walker 1982). The bulk of the study area lies on
the Yilgarn Craton, an ancient geological formation of Archaean age that formed the ‘seed’
from which the rest of the Australian continent grew. The Yilgarn craton is bounded to the
west by the ancient and persisting Darling fault (Fitzsimons 2001), the surface expression of
which is approximated by the Darling Scarp. A small section in the north-west of the study
area lies to the west of the Darling scarp on Phanerozoic sediments of the Perth Basin.

2.2.2 Topography and drainage
The landscape is highly variable across the study area, with long and gentle slopes in the
east (0-5 per cent), and steeper slopes in the western areas. Toodyay and Bindoon have
particularly steep slopes, many up to 30 per cent.
Surface drainage in the east and south east areas of the study area is poorly defined. The
western areas lie in the Zone of Rejuvenated Drainage and East Darling Range, with more
defined waterways.
The headwaters of the Avon catchment (West and South Avon sub catchments) begin at
Wickepin, and upstream of the confluence with the Salt River at Yenyenning Lakes. From
here the Avon flows past Beverley, York and Northam, receiving water from the Dale and
Mackie Rivers, before its confluence with the Mortlock River. From Northam, the Avon flows
in a north westerly direction past Toodyay and eventually into the Swan. Other significant
water bodies contributing to the Avon include Toodyay Brook, Warramine Brook, Wongamine
Brook, Julimar Brook and the Brockman River.
The Hotham sub catchment flows into the Murray River, eventually reaching the ocean via
the Peel Inlet. The Murray is formed upstream by two tributaries; the Hotham and Williams
Rivers. The headwaters of the Williams River are southwest of Narrogin, and the Hotham,
east of Narrogin and Pingelly.

2.2.3 Geomorphology and soil distribution
Paul Galloway and Claire Robertson
The geomorphology of the study area is largely controlled by the lithologic and tectonic
history of the Yilgarn craton, the steep rainfall gradient from west to east, the surface
armoring qualities of lateritic pisoliths, the presence of vegetative cover, and niche
construction activities of various plant species.
Soil distribution is intimately associated with the factors that control geomorphology. An
overview of common soil-types found on major landforms within each of the drainage regions
in the study area is presented in Table 2.2.
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Table 2.2.

Table summarising common soil types of the major landforms within each of the drainage
zones of the study area

Landscape

Perth Basin

Ancient drainage

North
rejuvenated
drainage

South
rejuvenated
drainage

Eastern Darling
Range

Sandy laterites
and sandstone
outcrops.

Grey sandy
laterites.

Bare rock, shallow Lateritic
Lateritic duricrust.
soils, lateritic
breakaways, bare
breakaways.
rock and shallow
soils.

Sandy laterites.

Grey sandy
laterites.

Red loams, red
Grey duplex soils, Loamy gravels.
and brown duplex grey sandy
soils, rock.
laterite, rock.

Grey sandy
duplex soils.

Deep red and
brown loams.

Valley slopes

Deep yellow and
pale sands and
laterites.

Valley floors

Swamps, lakes,
deep sands and
laterites.

Calcareous and
Deep red and
Grey duplex soils,
sodic loams, clays brown loams and some laterite and
and duplex soils. clays, rocky soils brown loams.
in narrow valleys.

Catchment
divides

Uplands

Deep grey and
Sandy gravels in
brown duplex soil. lateritic terrain,
red and brown
loams on stripped
country.
Sand and sandy
duplexes in
lateritic terrain,
rocky soils in
narrow valleys.

In general, the drainage regions and their landscape features are, from west to east across
the study area:
1.

The small section of gently undulating and low lying sands and swampy deposits that
overly a significant shallow aquiclude on Perth basin sediments, in the north-west.

2.

The undulating Eastern and Western Darling Range zones are dominated by loamy
ironstone gravelly soils. The ranges have been incised at the margins by watercourses
that flow west to the coastal plain and east to the Avon River. The less incised central
watershed has a smoothly rounded landform because the ironstone gravels and forest
vegetation cover protect against erosion.

3.

The northern and southern rejuvenated drainage zones roughly delineate the major
river valleys, where headward incision of rivers and streams erodes regolith and upland
soils are forming on fresh rock. The northern zone occurs on the metamorphic belts,
where soils are redder and loamier than those of the southern zone, whose soils form
on more siliceous granite and are thus paler and sandier. In the upper valley areas of
the Avon River, upstream of York, and the Hotham River, upstream of Pumphreys
Bridge, extensive alluvial sediments occupy the valley floors.

4.

The ancient drainage zone in the south-west has broad gentle interfluves and broad flat
valleys, filled with sediments and exhibiting braided and meandering stream channels.
Uplands are dominated by grey and pale sandy gravels and sandy duplex soils and the
valleys have duplex and clayey soils. In the study area, this zone is drained by the
main Avon River, south of Yenyenning lakes. This valley floor does not have primary
salt lakes, and most salinity is recent.

Finer geomorphological detail caused by tectonic activity, climate fluctuations and the
influence of laterite formation on topography and soil distribution has significant implications
for salinity, water resources, infrastructure development and land management.
North-northeast and east-southeast trending dykes, weaknesses and faults in bedrock often
control the path of rivers and streams. The two largest river valleys in the area, the Avon and
Brockman rivers, both follow metamorphic belts, which weather and erode more easily due to
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their less coherent physical structure (Lewis 1998) and their more easily weathered mineral
types (Wilde and Low 1978; Beard 1999). Soils formed on these valley sediments are fertile
red loams. Soils on slopes are generally rocky red loams. Localised aquifers are common in
the highly fractured rock.
Major alluvial/lacustrine deposits have formed in three main parts of the study area, due in
part to uplift of the Darling Ranges during the late Eocene period (Beard 1999; Salama 1999)
and perhaps continuing to the present day (Dentith and Featherstone 2003).
The first is the ancestral channel of the Avon River in the Dale district, to the west of the
Yenyenning Lakes (Mulcahy et al. 1972; Beard 1999). These sediments are generally sandy
and pale, with numerous fresh and recently salinised swamps. In places these sediments
now occupy uplands (Verboom and Galloway 2000). These sediments have water-bearing
sequences that should be investigated as possible fresh water resources, particularly those
on uplands as these are less likely to go saline. Extensive aeolian deposits around Lake
Mears and North Kweda, express as smooth sandy and lateritised uplands rising above the
present sediments. These may also have fresh aquifers of variable size, depending on the
size of the deposits.
The second has been interpreted by Beard (1999) as an abandoned valley of the East
Mortlock River, which lies on present uplands between Goomalling and Bolgart. This
sequence has similar sandy soils and swamps as the Dale sediments, although subsequent
aeolian reworking is more extensive. It is likely to have significant potable water resources,
as it lies some 50 metres above the level of the present East Mortlock River.
The third is the mixed lacustrine and aeolian sediments that have deposited on the eastern
margin of the Perth basin, just west of the Darling Range near Wannamal. These sediments
originate from an ancestral south-flowing path of the Moore River (Beard 2000). Uplift of the
area around Wannamal and Mogumber has reversed the flow of the Moore River (Beard
2000) and allowed the Brockman River to capture this part of the catchment. This area has
numerous fresh and saline lakes in low lying areas with yellow and pale sandy aeolian
deposits around the lakes. The salinity risk is significant, because of high rainfall and
sluggish drainage caused by low gradients and the extensive aquiclude of the Osbourne
formation (Anon. 2002).
Decreased gradients of the East Mortlock and Salt rivers due to uplift (Wellman and Tracey
1987, Dentith and Featherstone 2003) may partly explain the large aeolian deposits around
Yenyenning lakes and Lake Mears. It is also likely to be contributing to salinity increases
seen in the valley surrounding Salt River and the Yenyenning Lakes in recent times.
Associated downwarping has increased the gradients of the North Mortlock, South Mortlock,
Brockman and main Avon rivers. Salinity is much more pronounced in the Avon Valley
upstream of Aldersyde, as headward incision of the Avon River partly caused by these
gradient changes, has not yet extended here.
Climate fluctuations have caused fluctuating salinity and inundation in these flat valleys,
causing sands to blow out of lake beds and floodplains. These deposits are prominent along
the east side of the Avon River upstream of Yenyenning Lakes, including at Yealering,
Bullaring, Kweda, Bulyee and Aldersyde.
Small yellow sandy deposits marginal to river channels are common around the Avon River
just upstream of the confluence with Yenyenning Lakes and also around the upper reaches
of the Hotham River, from Cuballing to Crossman. These deposits have small aquifers and
are suitable for growing several economically viable timber and perennial fodder species.
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2.2.4 Groundwater depth
Shahram Sharafi
Groundwater monitoring the in the Avon and Hotham catchments indicates that the majority
of the valley floor areas the watertables are within two metres of the surface and is at
equilibrium but will fluctuate seasonally. In upper slope areas, groundwater is generally
greater than 8 m in depth and continues to rise. This is likely to result in salinity expression
at change of slope locations adjacent to currently saline areas.
The main observation is that bores with deeper watertables take longer to rise to the surface,
with major salinity development expected to reach equilibrium by 2030. George and Kingwell
(2003) used preclearing watertable depth across the central agricultural region for
determining an approximate ‘time to salinisation’ for different regions. In their report, eastern
zones of the wheatbelt were found to have a longer period until groundwater equilibrium
(majority of salinisation expected after 2030 and before 2075). Historical average rates of
rise were used to project watertable depth to the near surface; however it is often the case
that rates of rise will decay or lessen as they near the surface.

2.2.5 Groundwater quality
Shahzad Ghauri
Perched (sandplain) aquifers have fresh to brackish groundwater (< 200 mS/m) and are
common to the north-west, south-west, and south of study area because of the dominance of
coarser textured soils. Deeper saprock aquifer groundwater from sub-catchments within
Avon Hotham are saline with electrical conductivities (EC) ranging between 1,000 mS/m to
2,000 mS/m, except for eastern parts of the study area near Salt River where EC is as high
as 5,000 mS/m (which is almost equivalent to the salinity of sea water).
Groundwater salinities in the Hotham sub catchment are similar to those in the north-west of
the Avon catchment. This is a reflection of similar topography and aquifer discharge rates,
soil type (rocky or stony soils), and consistently higher rainfall than areas further east in Avon
Hotham. See simplified landscape map (Figure 2.8) for further information.
Groundwater EC in Boddington ranges from fresh to saline (commonly < 1,000 mS/m) but
does not exceed 2,000 mS/m (Raper 2004). Ghauri (2002) in a study of Wandering townsite
found evidence of fractured rock aquifers discharging brackish groundwater (EC 670 mS/m)
below a more saline groundwater body. Groundwater salinities in Wandering mostly range
between 940 and 1,630 mS/m at moderate yields.
Groundwater under Pingelly townsite has higher ECs (Crossley 2001) which are a function of
groundwater residence time between recharge and discharge points and this is greater south
of Beverley, allowing salts to accumulate. Lower groundwater gradients and the absence of
flowing rivers (i.e. Avon and Hotham) to flush salts from this part of the landscape are the
primary causes of salts accumulating.
Of the bores in the Westdale area (approximately 40 km west of Brookton along Brookton
Highway), drilled in areas of shallow granite and sandy gravel dominated soils (Lewis and
McConnell 1998), fifty per cent had groundwater ECs less than 800 mS/m, with the
remainder having ECs between 1,000 and 2,500 mS/m.
Groundwater pH in Avon Hotham ranges from acidic to slightly alkaline (pH 5.5 to 7.5) and
can be highly acidic (pH < 4) locally in acid hillside seepages. Acid groundwaters limits
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agricultural production through waterlogging and salinity and because only a few plants other
than spiny rush (Juncus acutus) are adapted to acidic conditions.

2.2.6 Water resources
Water and Rivers Commission bores located to avoid highly saline groundwater were used to
construct the Groundwater Resources Map (Figure 2.7). The 334 bores were located within
the quaternary aquifers (sandplain), saprock, or fractured rock aquifers in the study area, that
had both yield and salinity quantified, bores with good quality groundwater (< 1000 mS/m)
often yield less than 50 m3/day (Figure 2.5).

Groundwater Resource Areas in Avon Hotham
- based on yield and water quality data from 1900 to 1996 100
90

Bores located in potential groundwater resource areas.
See Groundwater Resource Map

Number of bores

80
70
60
50
40
30
20
10
0
< 5 m3/day

5 to 50 m3/day

50 to 100 m3/day

> 100 m3/day

Yield from bore (cubic metres per day)
< 200 mS/m EC
Figure 2.5.

200 - 1000 mS/m EC

> 1000 mS/m EC

Groundwater quality/yield comparison of exploratory bores in Avon Hotham.

Forty per cent of bores had water acceptable for human consumption levels (200-250 mS/m)
and a further 45 per cent of bores had excellent stock quality water (200 mS/m to 1,000
mS/m) presented in Figure 2.6.
The probability of finding groundwater suitable for human consumption or domestic use is
now much lower than it would have been at the time of drilling. Many of the bores were
drilled decades ago and it is likely that any formerly fresh-brackish resources may have been
contaminated by rising saline groundwater and/or additional leaching of salts from the
regolith profile. However, good quality stock groundwater can still be found across much of
the study area.
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Groundwater Quality in 334 Exploratory Bores
- bores located mainly in areas of ironstone gravels, deep sands, or earthy sands - water quality likely to have deteriorated over time 180

152

160

138
Number of Bores

140
120
100
80
60

44

40
20
0
less than 200 mS/m

200 to 1,000 mS/m

more than 1,000 mS/m

Water Quality (mS/m, regardless of bore yield)
Figure 2.6.

Groundwater quality found in exploratory bores in Avon Hotham study area.

There is insufficient information to identify potential groundwater targets in Avon Hotham. As
a general rule, fresh to brackish water is usually found in mid to upper landscape positions
that have sandy or rocky soils. The area enclosed by the towns of Wandering, Pingelly,
Cuballing, and Williams, is a prospective groundwater target area.
Sumps or depressions in small to moderate sandplain sub-catchments (20-100 ha) may yield
useful stockwater, but the cost of exploratory drilling is very high. Therefore, time and money
may be better spent on managing and harvesting surface water resources.
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Figure 2.7.

Groundwater resources map.
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2.3

Soil landscapes

Claire Robertson
Soils of the study area have been grouped according to how they are managed during broadacre agriculture (Schoknecht 2002). The major soil groups are described for each of the
Avon and Hotham sub-catchments in Appendix 1. These soil groups have been combined
into supergroups to simplify complex soil-landscape maps (Table 2.3). Two soil supergroups
stand out in the catchment, Ironstone gravely soils (24 per cent) and Deep sandy duplexes
(19 per cent).
The catchment was classified into five geomorphic categories, which are:
y

Valley soils – Valley processes dominate soil types.

y

Dune landscape soils – Soils formed from hydro-aeolian dominated processes.

y

Rocky landscape soils – Source rock dominated soils.

y

Colluvial slopes soils – Soils on slope without outcropping rocks or obvious laterite.

y

Laterite landscape soils – Soils formed from laterite creation.

Broad groupings of soil supergroups inhabit each of these landscapes, as shown on
Figure 2.8. This combined classification is useful for providing risk assessment and
management priorities for sub-regional planning.
Soil mapping categorised by drainage, as well as landscape position is provided in Appendix
A1.1.
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Figure 2.8.

Simplified landscape map.
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Table 2.3. Major soils of the study area
Soils and abundance

Profile description
Dominant location in study area

Dominant soil components
(% of Study area)

Ironstone gravelly soils
470,000 ha
25%

Soils that have ironstone gravels as a
dominant feature of the profile.
Crests and upper slopes.

Loamy gravel (9%)
Deep sandy gravel (7%)
Duplex sandy gravel (5%)
Shallow gravel (4%)

Deep sandy duplexes
368,000 ha
19%

Soils with a sandy surface and a
texture or permeability contrast at 30
to 80 cm.
Colluvial slopes, around granite
outcrops and sometimes in valley
floors.

Grey deep sandy duplex (9%)
Yellow-brown deep sandy duplex (6%)
Red deep sandy duplex (2%)
Alkaline grey deep sandy duplex (1%)
Reticulite deep sandy duplex (< 1%)

Deep sands
162,000 ha
9%

Sands greater than 80 cm deep.
Depressions in lateritic terrain and
sand dunes.

Yellow deep sand (1%)
Pale deep sand (3%)
Gravelly pale deep sand (3%)
Brown deep sand (1%)
Deep sands (< 1%)

Shallow sandy duplexes
151,000 ha
8%

Soils with a sandy surface and a
texture or permeability contrast at 3 to
30 cm.
Midslopes and near rock outcrops.

Yellow/Brown shallow sandy duplex (3%)
Grey shallow sandy duplex (2%)
Alkaline grey shallow sandy duplex (1%)
Red shallow sandy duplex (< 1%)

Deep Loamy duplexes
124,000 ha
6%

Soils with loamy topsoil and a texture
contrast at 30-80 cm.
Lower slopes and valley floors
commonly on drainage channels,
around rocky terrain particularly
within the Avon valley.

Red deep loamy duplex (3%)
Brown deep loamy duplex (3%)

Shallow loamy duplexes
122,000 ha
6%

Soils with a loamy surface and a
texture contrast at 3 to 30 cm.
Lower slopes and valley floors
commonly on drainage channels,
around rocky terrain particularly
within the Avon valley.

Yellow/Brown shallow loamy duplex (3%)
Red shallow loamy duplex (1%)
Grey shallow loamy duplex (1%)
Alkaline red and grey shallow loamy
duplex (< 1%)
Acid shallow duplex (< 1%)

Rocky or Stony soils
93,000 ha
5%

Bare rock and shallow sandy to
loamy soils containing abundant rock
fragments and stone.
Crests and hillslopes.

Bare rock (3%)
Stony soils (2%)

Wet or waterlogged
soils
91,000 ha
5%

Soils seasonally wet within 80 cm of
the surface for a major part of the
year.
Drainage systems and salt lakes.

Saline wet soil (3%)
Wet soil (1%)
Semi-wet soil (1%)

Sandy earths
82,000 ha
4%

Soils with sandy surface and grading
to loam by 80 cm.
Sandplain, sandy dunes and alluvial
sediments.

Yellow sandy earth (3%)
Sandy earths (< 1%)
Brown sandy earth (< 1%)
Red sandy earth (< 1%)
Pale sandy earth (< 1%)

Other minor soils
213,000 ha
11%

Shallow sands (3%), Loamy earths
(3%), Shallow loams (2%),
Non-cracking clays (1%), Cracking
clays (1%), Miscellaneous soils
(0.5%) and Sandy duplexes (0.2%).

Yellow/brown shallow sand (1%)
Pale shallow sand (1%)
Brown loamy earth (1%)
Red shallow loam (2%)
Red/brown non-cracking clay (1%)
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2.4

Agricultural production

2.4.1 Farming systems
Susie Murphy White
Farming systems are dominated by annual crop and pasture rotations in the study area. The
agricultural production data (ABS 2001) is compiled by shire. Statistical information in this
section has not been adjusted to fit the study area boundary. The small proportions of the
Swan, Mundaring and Gingin shires in the study area have not been analysed because they
are mostly covered by remnant vegetation and have little agricultural production.
Annual crop and pasture rotations are the main agricultural production focus of the study
area. Crops grown include wheat, barley, oats, lupins, and canola. The Shire of Wickepin
has the largest area sown to wheat and barley and the highest overall production of wheat
(66,000 tonnes).
The farming systems in the west of the Hotham sub catchment are mainly for livestock and
fodder production. The Shire of Williams produces the greatest amount of pasture hay and
has the largest area sown to oats. The Shire of Williams also has the greatest number of
sheep and lambs with the highest wool production (2,841 tonnes) and number of sheep and
lambs slaughtered.
The northern part of the West Avon subcatchment includes horticulture crops and intensive
livestock industries. Horticultural crops include orchard trees, grapes, nut trees, flower and
turf farms producing $1,872,000 towards the GVP (gross value of production) of the study
area, the majority of which is produced in the Chittering Shire. This shire also has the
highest number of cattle (14,869) and laying chickens (23,000). Honey and beeswax are
produced from the shires of York, Northam and Toodyay.

2.4.2 Trends
The largest average farm size is found in the Wickepin Shire at 1,917 ha and the smallest
average farm size 310 ha in the Chittering Shire.
The establishment of hobby farms from 1999 to 2001 in the shires of Pingelly, Wandering,
Wickepin, Northam, and Toodyay explain why the average farm size has decreased.
With the emergence of oilseed and pulse crops the amount of area sown to wheat in the
study area has diminished. The average area sown to wheat for the study area decreased
from 38,345 ha in 1983 to 17,765 ha in 2000/01. The amount of lupins present in the farming
system in 2000/01 (3,579 ha) is half of what was sown in 1999 (6,569 ha). Canola has
emerged; with none grown in 1983, an average of 2,761 ha in 1999 and 3,559 ha in 2000/01.
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Figure 2.9.

Distribution of crops across the Study area. (Source: ABS 2001.)

2.4.3 Production
The total agricultural Gross Value of Production (GVP) 2000/01 was $354 million (ABS
2001). Of this production, crops contributed 54 per cent while animal products (wool and
meat) contributed 23 per cent and livestock (sheep, cattle and pigs) 23 per cent
(Figure 2.10). Wool production (animal products) produced $81 million towards the GVP of
the Avon Hotham shires. The highest GVP from crops is produced by wheat followed by
barley, hay production then canola.

Total crops
54%

Livestock
products
23%

Livestock
disposals
23%

Figure 2.10. Average GVP for major categories of agricultural production in the shires of Beverly,
Brookton, Cuballing, Pingelly, Wickepin, York, Narrogin, Northam, Toodyay, Wandering,
Boddington, Williams, Chittering. (Source: ABS 2001.)

2.4.4 Farm performance
The BankWest benchmarks for 2002/03 of the Central Midlands (Northam and Moora) and
Great Southern (Narrogin, Katanning and Wagin) regions have been examined for the
financial and production performance in the Study area.
In the Central Midlands region good returns on capital were experienced by farm businesses.
Farm income was up and average costs rose by $4/ha therefore increases in farm operating
profit $115/ha in 2002/03 compared to $110/ha in 2001/02 were experienced. The highest
average operating costs in the BankWest Regions were in the Central Midlands and Great
Southern of $200/ha. Farm equity of the central midlands remained stable at 84 per cent,
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with both the value of farm assets and debt servicing requirements increasing. Income from
sheep and wool increased while the effective land cropped decreased from the previous
year.
In the Great Southern region the return on capital increased by almost 1 per cent. The farm
equity decreased because debt levels rose by 6 per cent and asset value only increased by
4 per cent. Farm income increased and was higher than the previous 5 years. The
operating costs increased by 15 per cent from the 01/02 season. The operating profit per
effective hectare increased to $109/ha in the 02/03 season.
140
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$/Eff ha
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Central Midlands

2001/02

2002/03

Great Southern

Figure 2.11. Operating profit ($/eff. ha) - Central Midlands and Great Southern. (Source: BankWest
Benchmarks 2002/03.)

Average wheat yields have generally increased, with the highest average wheat yield in the
Toodyay Shire (4.05 t/ha) in 2001/02. The highest average wheat yield across all the shires
is 2.75 t/ha in 01/02. Below average rainfall was received in most areas in 2000/01 growing
season and the average wheat yields declined to 1.42 t/ha across all the shires. Dry
seasonal conditions were experienced again in 2002/03 reflecting the lowest below average
yields of 1 t/ha in the Wickepin Shire. Damaging frosts explain the poor wheat yields in
1998/99.
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Figure 2.12. Average wheat yields for the shires in the Study area. (Source: CBH estimates.)
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2.4.5 Land values
Since the 1970s land values across the 14 shires in the Study area have gently increased
with prices fluctuating as a result of the general economy, seasonal conditions and
commodity prices. The highest average price was $2000/ha received in 1997 in the Northam
Shire.
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Figure 2.13. Average land values 1970-2001 for the shires in the Study area. (Source: Valuer General’s
Office.)

2.5

Remnant vegetation

Sally Phelan
The study area has approximately 457,000 ha of remnant vegetation remaining, or 24 per
cent of the study area (Figure 2.14). This is well above the wheatbelt average of 5-10 per
cent; however, much of this vegetation is concentrated in large continuous tracts in the
western parts of the study area.
The vegetation is dominated by forests of marri, jarrah and woodlands of wandoo, York gum
and salmon gum. In the western parts of the catchment these forests and woodlands occur
as large or continuous blocks, predominantly in State Forests and Conservation Parks.
Further east the vegetation is scattered across numerous nature reserves, other Crown lands
and on private property (Table 2.4). The average size of these remnants is 3 ha.
y

The main vegetation type in the Hotham sub catchment is medium jarrah-marri forest,
making up 43 per cent of the total remaining vegetation.

y

The main vegetation type in the South Avon sub catchment is medium jarrah-marriwandoo forest, making up 30 per cent of the remaining vegetation.

y

The main vegetation type for the West Avon sub catchment is medium marri-wandoo
woodland, making up 32 per cent of the remaining vegetation.
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Figure 2.14. Remnant vegetation map.
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Table 2.4. Major vegetation associations remaining
Beard’s vegetation
classification
Medium forest

Pre-European
extent (ha)

Average remnant
size (ha)

Jarrah-marri

200,000

81,000

31

Jarrah, marri and wandoo

200,000

45,000

28

49,000

28,000

19

York gum, wandoo and
salmon gum
(E. salmonophloia)

454,000

30,000

3

Marri and wandoo

378,000

102,000

8

Jarrah, marri and wandoo

64,000

43,000

72

Wandoo and powder bark
(E. accedens)

51,000

26,000

21

Jarrah and marri on laterite
with wandoo in valleys,
sandy swamps with
Teatree and Banksia
Medium woodland

Current extent
(ha)

The greatest loss in vegetation type has been the woodlands (Table 2.5). York gum
woodlands represented 43 per cent of the Pre-European extent of the study area; after
clearing 3 per cent of York gum woodlands remain. The wandoo woodlands have also
significantly declined covering 9 per cent of the study area in the Pre-European extent and
now representing 2 per cent of the study area. The decline in York gum and Wandoo
woodlands reflects the preferential clearing of soil types most suited to agricultural
production.
Table 2.5. Pre-European and current vegetation extent as a percentage of the study area
Beard’s vegetation
classification

Pre-European extent %

Current extent %

Woodland

79

14

Medium Forest

14

8

Shrublands

3

0.2

Low woodlands

1

0.6

Mosaic

1

0.3

Bare areas

0.2

0.05

Succulent steppe

0.1

0.04

The total area remaining as remnant vegetation gives little indication as to the ecological
status of that vegetation. At the coarsest level, patch size can be used as a simplistic
indicator of the quality of remnants. Smaller remnants are at greater risk from the effects of
weed invasion, fertiliser and spray drift, feral predators, fire and livestock grazing. Obviously,
many other factors also affect remnant quality. Smaller remnants are unlikely to support
viable populations of many plant animal species.
There are relatively few large remnants remaining within the study area that are ecologically
viable. The most significant large areas of remnant vegetation are managed by Department
of Conservation and Land Management (CALM). Mundaring State Forest is the largest,
consisting of 735,521 ha followed by Dwellingup State Forest with an area of 171,803 ha.
The largest conservation reserve is the Wandoo Conservation Park (29,765 ha) in the
Beverley and York shires. Other significant large reserves include Dryandra Woodland
(24,000 ha), Boyagin Nature Reserve (5,000 ha) and Tutanning Reserve (2,300 ha).
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2.5.1 Rare and endangered flora
Brett Beecham, Dept of Conservation and Land Management, Narrogin
Within the study area there are, 30 species of Declared Rare Flora spread across 696 sites
within the study area (Table 2.6). These rare species include critically endangered,
endangered or vulnerable species that are threatened by clearing, accidental destruction
during firebreak and road maintenance, weed invasion, salinity, disease, grazing by feral
herbivores, herbicide application, lack of suitable pollinators resulting in poor or no seed set
and inappropriate fire regimes (Brown et al. 1998).
Table 2.6. Declared rare flora (endangered, critically endangered and vulnerable) occurring within the
Study area. Unpublished data declared flora database Dept. Conservation and Land
Management 30/3/04
Botanical name

Shire

Vegetation association - Beard’s

Acacia anomala

Swan

Forest, Mosaic

Acacia aphylla

Northam

Medium-Low woodland, Woodland

Acacia ataxiphylla subsp. magna

Cunderdin

Scrub-heath, Woodland

Acacia brachypoda

Brookton, Beverley

Medium-Low woodland

Acacia insolita subsp. recurve

Wickepin, Cuballing

Woodland, Open woodland

Acacia volubilis

Cunderdin

Scrub-heath

Asterolasia nivea

Chittering, Toodyay

Woodland

Banksia cuneata

Brookton, Cuballing

Woodland, Scrub-heath, Low woodland

Boronia capitata subsp. capitata

Pingelly

Heath

Caladenia dorrienii

Beverley

Woodland

Darwinia acerosa

Chittering, Victoria Plains

Woodland

Darwinia carnea

Cuballing

Open woodland

Drakaea elastica

Chittering

Low woodland

Dryandra ionthocarpa

Corrigin, Brookton, Pingelly

Woodland, Scrub-heath

Dryandra mimica

Gingin

Low woodland

Eleocharis keigheryi

Chittering, Gingin, Toodyay

Woodland

Grevillea flexuosa

Toodyay, Swan

Woodland, Forest

Grevillea scapigera

Corrigin, Brookton

Woodland

Hakea aculeate

Brookton, Cunderdin,
Quairading

Medium-Low woodland, Scrub-heath,
Woodland, Thicket,

Hydatella leptogyne

Toodyay

Woodland

Lasiopetalum rotundifolium

Pingelly, Brookton

Open woodland

Lechenaultia laricina

Northam, York,
Brookton, Beverley

Medium-Low woodland, Woodland,
Open woodland

Lechenaultia pulvinaris

Corrigin

Mosaic, Shrublands

Pultenaea pauciflora

Brookton, Narrogin,
Boddington

Open woodland, Forest, Woodland

Spirogardnera rubescens

Chittering

Woodland

Thelymitra manginii

Swan

Woodland, Forest

Thelymitra stellata

Beverley, Chittering, Toodyay Forest, Woodland

Thomasia glabripetala

York, Northam

Medium-Low woodland, Scrub-heath
Woodland

Thomasia montana

Brookton, Pingelly,
Beverley, Pingelly

Open woodland, Rock outcrops,
Medium-Low woodland, Woodland

Verticordia fimbrilepis subsp. fimbrilepis Brookton, Wandering,
Cuballing, Pingelly
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2.5.2 Wetlands of significance
Three wetlands of the study area have been classified as nationally significant (Lane et al.
2001). The first is Yealering Lakes in the upper drainage of the Avon River (Yealering Lake,
Brown Lake, White Water Lake and Nonalling Lake). It is an example of a suite of salinised,
formerly part-wooded lakes exhibiting varied hydrological characteristics, and is a major
drought refuge for waterfowl in inland areas of the south west.
The second is the Avon River Valley, which is of outstanding historical or cultural significance
and is that part of the Avon River within the Darling Ranges downstream of Toodyay, to the
junction of Ellen Brook and Upper Swan. It is an example of a river incised in mainly
uncleared upland of the bioregion. The area contains many permanent pools such as
Boongarup Pool and Cobbler Pool, otherwise flow is seasonal, with no flow for two to three
months of the year.
The third is the Chittering-Needonga Lakes part of the Brockman River system and divided
into two lakes: Needonga upstream and Chittering downstream. It is a good example of a
brackish lake and wooded swamp situated on a river. It is a major breeding area for the
Great Egret and the Rufous Night Heron.

29

